We present a search and analysis of variable stars in the recently discovered Crater II dwarf galaxy. Based on B, V, I data collected with the Isaac Newton Telescope (FoV∼0.44 square degrees) we detected 37 variable stars, of which 34 are bonefide RR Lyrae stars of Crater II (28 RRab, 4 RRc, 2 RRd). We applied the metalindependent (V, B−V) Period-Wesenheit relation and derived a true distance modulus (µ = 20.30±0.08 mag (σ=0.16 mag). Individual metallicities for RR Lyrae stars were derived by inversion of the predicted I-band Period-Luminosity relation. We find a mean metallicity of [Fe/H]=-1.64 and a standard deviation of σ [F e/H ] =0.21 dex, compatible with either negligible or vanishing intrinsic metallicity dispersion. The analysis of the Colour-Magnitude Diagram reveals a stark paucity of blue horizontal branch stars, at odds with other Galactic dwarfs, and globular clusters with similar metal abundances.
INTRODUCTION
The last few years have revealed a completely new picture in our understanding of the galactic neighborhood with the discovery of ∼ 20 dwarf galaxies surrounding the Milky Way, doubling the number of satellites known in 2014 (Bechtol et al. 2015; Koposov et al. 2015; Drlica-Wagner et al. 2015; Laevens et al. 2015a,b; Kim & Jerjen 2015a; Kim et al. 2015; Kim & Jerjen 2015b; Martin et al. 2015; Torrealba et al. 2016a,b; Drlica-Wagner et al. 2016; Torrealba et al. 2018 ; The right panels present the same CMD with superimposed old (13 Gyr and 10 Gyr) and metal-poor (Z=0.0003, 0.001) isochrones from the BaSTI library. A ZAHB for Z=0.001 is also plotted, shifted by 0.05 mag ). These theoretical lines were shifted according with a distance modulus of 20.30 mag (see § 5 for details) and a reddening of E(B − V ) = 0.027 mag (Schlafly & Finkbeiner 2011). 2013) has similar surface brightness with slightly greater brightness and size.
The classical dSph galaxies surrounding the Milky Way have proven to be complex objects with varied, and different, star formation histories (SFH, e.g. Mateo 1998; Tolstoy et al. 2009) . No two dSph galaxies in our neighborhood are alike and the reason(s) why they present such a variety of chemical enrichment and SFH is not well understood today. Study of the nature of these systems is fundamental for interpreting their role in the hierarchical process of formation of large galaxies such as our own Milky Way. Crater II presents then a unique opportunity to investigate the stellar population and SFH in a galaxy unlike any other presently known among the Milky Way satellite galaxies.
The Color-Magnitude Diagram (CMD) of Crater II in its discovery paper (Torrealba et al. 2016a ) shows a strong red giant branch (RGB) and horizontal branch (HB). Comparison with isochrones suggests that age of 10 Gyr and metallicity of [Fe/H]=-1.7 represent the data reasonably well. However, the depth of such CMD, limited to ∼0.5 mag below the HB, is inadequate to answer the critical question of the extent of the SFH of Crater II. The Carina dSph galaxy, for example, also presents a narrow RGB but deep CMDs clearly show a complex SFH with multiple main sequence turnoffs (MSTO) and sub-giant branches (Monelli et al. 2003) .
Spectroscopy by Caldwell et al. (2017) of 62 stars nominated as members selected from a sample close to the RGB in the CMD show that Crater II has extremely cold dynamics, even though it is still dark matter dominated with mass-light ratio 53 +15
−11
M ⊙ /L V, ⊙ . For these stars they also determine a mean metallicity [Fe/H] = -2.0 ± 0.1 dex. The photometric metallicity found from isochrone fitting by Torrealba et al. (2016a) is some 0.3 dex more metal rich.
Variable stars can also be used for studying the content and structure of stellar systems. The presence of RR Lyrae (RRL) stars, for example, is an unequivocal sign of an old stellar population (> 10 Gyr Walker 1989) , and in addition allows an independent determination of distance (Marconi et al. 2015; de Grijs et al. 2017) . Their period and mean magnitude distributions can shed light on the metallicity distribution and even provide hints on the SFH of the oldest populations (Martínez-Vázquez et al. 2016a ). Anomalous Cepheids, which are common (but not very numerous) in dSph galaxies but not in galactic globular clusters, are usually interpreted as belonging to an intermediate-age population (Fiorentino & Monelli 2012) , although this interpretation needs care because of primordial binaries being an alternate production channel (Bono et al. 1997) .
In this paper we present a search for variable stars in the field of Crater II, independent from the very recent work by Joo et al. (2018) . §2 presents a summary of the data and the data reduction strategy. §3 presents the CMD and discusses the stellar populations in Crater II. §4 discusses the search for variable stars and the properties of RRL stars. In §5 we discuss the distance to Crater II, based on the Period-Wesenheit relation, while in §6 we derive the RRL stars metallicity distribution. §7 provides a discussion of the results and final remarks.
OBSERVATIONS AND DATA REDUCTION
Observations were collected with the Isaac Newton Telescope (INT) located in the Observatorio Roque de los Muchachos (ORM) in La Palma (Spain) using the Wide Field Camera (WFC, FoV=33 ′ .8 × 33 ′ .8), under two programmes approved by the Spanish Time Allocation Committee: the Large Programme C143 and the service program SST2017-380 (P.I. Monelli). The observations have been realized in three different runs, of four, two, and three nights, respectively (see Table 1 for more details). The area covered by these data is 37 ′ ×62 ′ , approximately centred on the galaxy, but only the central 0.44 sq.deg. have a robust calibration. Therefore, this data set covers much less than half the entire body of Crater II (r h =31.2 ′ , Torrealba et al. 2016a) .
The data have been collected over a 311 d baseline. Given its declination (Dec ∼ -18.5 • ), Crater II is visible with airmass <1.7 for only about 4 hr per night at the ORM, which implies that long time-series in a single night could not be obtained. Nevertheless, the median (maximum) number of phase points per star is of 49 (75), 25 (48), and 62 (68) for the B, V, and I bands, respectively. Therefore, de- Figure 2 . B (blue), V (green), and I (red) light curves for variable stars in Crater II. Star names (upper-left corner) are sorted for increasing right ascension. Periods (lower-right corner) are given in days. Open symbols (not used in the estimation of the pulsation properties) show the data for which the uncertainties are larger than 3-σ above the mean error of a given star. Note that B and I light curves were shifted by +0.4 and -0.4 mag, respectively, to facilitate the visual inspection of all three together. spite the time sampling being not optimal, for most of the stars identified as possible variables we have been able to derive light curve parameters adequate for our purpose here, though we do not discard that some periods estimated in this work may be affected by aliasing problems.
The photometric analysis was carried out by PBS using software, procedures, and standard stars that have been extensively described in the literature (e.g., Stetson 2000 Stetson , 2005 . Figure 1 (left panel) presents the (V, B − I) CMD of the region around the center of Crater II. The photometry reaches V ∼23.8 mag, and the plot shows a prominent contamination by the Galactic field, at color redder than B − I ∼1.0 mag. Nevertheless, the RGB and predominantly red HB are clearly visible in the CMD. To guide the eye (right panel), we superimposed two α-enhanched isochrones from the BaSTI (Pietrinferni et al. 2004 (Pietrinferni et al. , 2006 database. We assumed the distance estimated in §5, and the red and blue lines show the expected location of a population of (Z, age in Gyr) = (0.0003, 13) and (0.001, 11), respectively. The black line shows the zero age HB for Z = 0.001, which provides a nice lower envelope for the distribution of stars in the red part of the HB and for the RRL stars.
COLOUR-MAGNITUDE DIAGRAM
The comparison with isochrones clearly shows that these data are too shallow to detect stars at the turn-off (TO). Nevertheless, a sequence of blue objects (B−I < 1, V > 22 mag) is well defined between the HB and the TO. Most likely it is populated by Blue Stragglers, as commonly found in all dSph galaxies (Mapelli et al. 2007 (Mapelli et al. , 2009 Monelli et al. 2012b; Santana et al. 2013) . However, based on the present data we cannot robustly constrain the youngest age at the TO, so we cannot exclude the present of a small intermediate age component. Interestingly, the HB of Crater II is mostly red, with very few, if any, stars bluer than the instability strip.
VARIABLE STARS IN CRATER II

Search and classification
The search for candidate variable stars has been realized using the method introduced by Welch & Stetson (1993) and as further developed by Stetson (1996) . The pulsational properties were estimated following Bernard et al. (2009) . In particular, a first guess of the period is derived through Fourier analysis of the time series (Horne & Baliunas 1986) , and then refined by simultaneous visual inspection of the light curves in all the available filters. Amplitudes are then estimated by fitting to a set of light-curve templates (Layden et al. 1999 ).
RR Lyrae Stars
We identified 58 candidate variable stars, of which 37 are confirmed pulsators. 34 of them are RRL stars. Table 2 presents the full catalogue, including name 1 , coordinates (right ascension and declination), period, classification, followed by intensity-weighted mean magnitude and amplitude in the B, V, and I pass-bands, respectively. The last two columns show the period estimate by Joo et al. (2018) and Notes: a -lack of maximum in I band b -only few points/phase in I band c -candidate Blazhko d -noisy light curves e -many possible periods f -noisy light curve in I band g -lack of maximum in V band h -lack of maximum notes on individual stars. One variable, V098, was not reported in Joo et al. (2018) . We note that two of the stars (V023 and V056) had already been reported in the first release of PANSTARR (#204928 and #204866), though they were not associated to Crater II (Sesar et al. 2017) . Time series photometry for the variable stars detected in this work is listed in the Appendix. After the submission of this work, Joo et al. (2018) published an independent investigation on the variable stars content of Crater II, based on KMTNet data covering 3 • ×3 • in B and V. All variable stars in the overlapping area are in common between the two photometries except two: based on our data we cannot confirm the variability of V093, while we identify a new variable not listed in the Joo et al. (2018) catalogue (V098). The comparison of period estimates discloses a good agreement for most of the stars: the period difference is smaller than 0.05 days for 32 out of 36 stars (88%). Four stars presents larger period differences, between 0.05 and 0.29 d, which is likely due to aliasing. We detected a small shift in the mean magnitude. The derived mean magnitudes for our full sample are < B >=21.30 ± 0.09 (σ=0.09) mag, < V >=20.92 ± 0.07 (σ=0.05) mag, and < I >=20.34 ± 0.06 (σ= 0.05) mag, while both the < B > and < V > of the stars from Joo et al. (2018) in common with ours are ∼0.03 mag fainter. Figure 3 shows a zoom of the CMD in the region of the HB. The RRL stars are shown as large symbols, with different colours indicating different pulsation modes: blue, green and orange correspond respectively to the 4 first-overtone (RRc), 2 double-mode (RRd) and the 28 fundamental-mode (RRab) RRL stars discovered in this work. Three stars are well separated in magnitude from the bulk of the RRL stars. V097 and V098 are 0.4 and 0.3 mag fainter than the HB respectively. V098 has a period near 0.5d and an RRc-like light curve, with a large phase gap. Additionally, inspecting its image shows it may be superimposed on a faint background spiral galaxy. V097 has a typical RRc period. V001 is 0.5 mag brighter than the HB, with periods and colors typical for an RRL star. It looks too faint to be an Anomalous Cepheid (AC), which are typically at least 1 mag brighter than the HB, and its period is too short (P=0.763306 d) to be a BL Her star (Di Criscienzo et al. 2007 ). Stars in this position of the HB are known in other systems (Carina: Coppola et al. 2015; Sculptor: Martínez-Vázquez et al. 2016b ) and may be stars in the final stage of core helium-burning evolution evolving rapidly towards the AGB. Following the nomenclature introduced in in Martínez-Vázquez et al. (2016b) for stars with similar behaviour as this one, we classified V001 as "peculiar" variable star. We will not include these three stars in the subsequent analysis. Figure 4 presents the spatial distribution of RRL stars. The colour code is the same as in Figure 1 . The red cross marks the position of the center of Crater II according to Torrealba et al. (2016a) . Interestingly, RRL stars seem to be spread over the full surveyed field, with no obvious concentration towards the central regions. Figure 5 shows the period-amplitude (Bailey) diagram (top panel) and the period distribution (bottom) for the full sample of RRL stars. Lines in the top panel present a comparison with the Oosterhoff I (Oo-I, solid) and II (Oo-II, dashed) loci, as defined for RRab type stars in globular clusters (Cacciari et al. 2005) , and for RRc type (dotted, Kunder et al. 2013) . The mean period < P RRab >=0.617 d, which would suggest that Crater II is somewhat more similar to an Oo-II system, though it is at the edge of the so-called Oosterhoff gap typically populated by dSph galaxies. Nevertheless, the top panel of Figure 5 clearly shows that RRab are distributed closer to the Oo-I line, though they seem to follow a steeper relation. This translates into a period distribution (bottom panel) which is quite narrow around the peak. Therefore, the lack of RRab with shortest period and largest amplitude mimics an Oo-II type if only the mean period is considered, but clearly the location of stars in the period-amplitude plane is closer to that of a Oo-I system. Many other low-mass, metal-poor sys- Figure 5 suggests that the distribution of Crater II stars in the period-amplitude plane follow a distribution steeper than the Oo-I line. This is similar to what observed in other systems such Carina (Coppola et al. 2015) , And III , and Cetus (Monelli et al. 2012a) . This is illustrated in Figure 6 , which compares the Baily diagram (top) of these three galaxies (orange points) with that of Crater II (black dots). Blue dots show RRL stars in Tucana (Bernard et al. 2009) the orange points tends to split from the clusters'Oo-I line. The normalized period distribution (bottom panel) of Crater II RRab stars is remarkably simialr to that of Carina+Cetus+And III, while Sculptor and Tucana present a more extended tail, especially at short period end.
DISTANCE TO CRATER II
RRL stars are primary, fundamental distance indicators (Carretta et al. 2000; Cacciari & Clementini 2003) . The well-known Metallicity-Luminosity relation (Sandage et al. 1981 ) has been extensively used in the literature, applied to globular clusters (Arellano Ferro et al. 2008; Di Criscienzo et al. 2011; McNamara 2011; di Criscienzo et al. 2011 ) and nearby dwarf galaxies (e.g. Stetson et al. 2014; Yang et al. 2014; Martínez-Vázquez et al. 2016a; Cusano et al. 2016 Cusano et al. , 2017 . Nevertheless, this relation is subject to many sources of uncertainties (linearity, evolutionary effects, reddening, Bono 2003), though the most important one comes from the fact that neither the zero point nor the slope have been definitively calibrated (de Grijs et al. 2017) . This translates into a difference of up to ∼0.2 mag according to the adopted calibration (Chaboyer 1999; Bono et al. 2003; Clementini et al. 2003) .
Alternatively, period-luminosity relations (Longmore et al. 1986; Bono et al. 2001) in the near infrared present important advantages, such as the significantly milder dependency on the reddening and evolutionary effects. The exhaustive theoretical work by Marconi et al. (Marconi et al. 2015) . The zero-point of this relation, give us the first estimation of the distance modulus (µ 0 ) for Crater II based on a standard candle.
(2015) discusses in detail the use of Period-LuminosityMetallicity (PL Z) relations of RRL stars to derive the distance of the host stellar system. In particular, the Wesenheit functions (Madore 1982) are particularly useful because, by construction, they are reddening independent, given the assumption of a reddening law. Moreover, Marconi et al. (2015) showed that the (V, B − V) Wesenheit relation presents the remarkable property of also being independent of metallicity, over a wide range. This implies that a possible intrinsic metallicity dispersion, such as that found in the local group dwarf galaxies Tucana (Bernard et al. 2008) and Sculptor (Martínez-Vázquez et al. 2015) , does not affect the distance determination.
We adopted the (V, B − V) Wesenheit relation from Marconi et al. (2015) and derived the distance modulus to Crater II, obtaining (m-M) 0 = 20.30±0.08 mag (σ=0.16 mag). This is illustrated in Figure 7 , which shows the W(V, B − V) magnitude as a function of the logarithm of the period for 28 RRL stars. The peculiar, two uncertain, and the three Blazkho stars have been excluded, and the period of the remaining four RRc type have been fundamentalized. The result is in good agreement with the value provided by Torrealba et al. (2016a) , (m-M) = 20.35, based on the comparison with theoretical isochrones and with the distance estimated by Joo et al. (2018) based on a larger sample of RRL stars, (m-M) 0 = 20.25±0.1. -Vázquez et al. (2016a) and Braga et al. (2016) introduced the use of the I-PLZ relation as a metallicity rather than a distance indicator. If the distance is provided by an independent indicator the individual metallicity can be calculated for each RRL star, given its absolute M I magnitude and period. In the case of the current data set, we can take advantage of the three filters available: B, V, and I. First we adopted the metal-independent distance estimate based on the W(V, B − V) Wesenheit function derived in §5. This was used to derive an absolute I magnitude for each RRL star. Second, we applied the inverse of the I-PLZ relation to derive individual metallicity (rather than individual distances as typically done) The derived metallicty distribution for RRL stars is shown as a normalized dashed histogram in Figure 8 .
METALLICITY DISTRIBUTION
Martínez
We derived individual metallicities for a sample of 21 RRab stars with good light curves. We did not include first overtone pulsators, the peculiar star, the Blazhko ones, the two candidates and four stars with poorly constrained light curve in the I band (V010, V015, V022, V023). The distribution cover a range between [Fe/H] ∼ -2.2 and [Fe/H] ∼ -1.2 dex, and appears symmetric around a well defined peak. A Gaussian fit to the distribution provides a mean metallicity [Fe/H]= -1.64 dex, with a dispersion σ=0.21 dex. Martínez-Vázquez et al. (2016a) discussed the resolution of the method by analysing the population of RRL stars of globular clusters with no spectroscopically measured intrinsic metallicity spread. The metallicity distribution derived for 22 RRL stars in the LMC cluster Reticulum provided a dispersion σ=0.25 dex. This suggests that the intrinsic metallicity dispersion of RRL stars in Crater II is compatible with being basically null. It is also worth stressing that the adopted distance affects the metallicity estimate as a zero point: longer distances produce a more metal-poor distribution (by 0.6 dex for a 0.1 mag shift). However, the distribution shape, hence its dispersion, is unaffected.
The derived mean metallicity is in good agreement with that found by Joo et al. (2018) , <[Fe/H]>= -1.65±0.15 on the basis of the period-amplitude-metallicity relation by Alcock et al. (2000) , though our dispersion (σ=0.21 dex) is smaller than their value (σ=0.31 dex). The red histogram in the Figure 8 shows the metallicity distribution of the 62 stars identified by Caldwell et al. (2017) as bona-fide members of Crater II on the basis of their radial velocity and proximity to the nominal Crater II RGB. Metallicity estimates have been homogeneized to the same scale, correcting for the different solar abundances adopted (log([Fe/H])/log([Fe/H]) ⊙ =7.50). The comparison discloses substantial agreement between the two, completely independent, estimates. A gaussian fit provides similar dispersion (σ=0.28 vs 0.21), with the value from RGB stars slightly smaller than for the RRL stars. The small offset between the two distributions can be explained by the 0.05 mag difference in the distance adopted (20.35 vs 20.30 mag), and it is well within the uncertainties. Apparently the spectroscopic sample presents a more extended tail to the metalpoor side. We verified that this is not due a variation in the characteristics of the stellar populations with radius, since the Caldwell et al. (2017) sample covers a wider area of Crater II. The difference is possibly due to a random fluctuation due to the relatively small sample of RRL stars used.
Overall, the metallicity distribution of a purely old sample of RRL stars is similar to that of RGB stars, which in principle can include populations younger and/or too metal-rich to have counterparts in the RRL stars population. This suggests that Crater II experienced a quick (within the formation time scale of RRL stars progenitors) and limited chemical evolution. This is supported by the lack of High-Amplitude Short-Period (HASP) RRL stars (Fiorentino et al. 2015) . These stars are a strong indication that their progenitors belong to a population at least as metal-rich as [Fe/H]=-1.5 dex. The Bailey diagram of Crater II is devoid of such stars (P ab,min =0.566652d), suggesting that the upper limit to the metallicity distribution of RRL stars is significantly lower than [Fe/H]=-1.5 dex (Fiorentino et al. 2017 ).
DISCUSSION AND FINAL REMARKS
Crater II is a dwarf galaxy with many fascinating properties. The galaxy size-magnitude plot (e.g., Torrealba et al. 2016a) shows no other MW satellite with similar properties. It is the fourth most physically extended MW satellite (r h ≈1 kpc) (after the Magellanic Clouds and Sagittarius) and one of the galaxies with the lowest known surface brightness (µ V ∼ 31.2 mag). Only Andromeda XIX lies in a similar position in this plot. Therefore, Crater II appears as either over-large or under-luminous, compared to most other LG galaxies. Analyzing INT/WFC data we have found a substantial population of RRL stars in the central regions of Crater II. The RRL stars that we have discovered lack any central concentration and are widely distributed over our whole field. Thus, our sample of variable stars is likely incomplete and indicates that the galaxy extends outside the surveyed field of view. This was already expected, given the stellar distribution in the discovery paper (Torrealba et al. 2016a ).
Interestingly, our search for variable stars did not reveal any Anomalous Cepheids (AC) in the central regions of Crater II. Assuming the empirical relation found by Mateo et al. (1995) between the fraction of ACs and the luminosity of the host galaxy, one would expect very few of them, at most 1-2 for M V =-8 mag (Torrealba et al. 2016a ). Fiorentino & Monelli (2012) argued that this relation may be used to identify dwarf galaxies with an important fraction of intermediate-age population, as in this case the number of ACs increases with respect to a purely old sample descending from primordial binary stars. In this sense, the absence of ACs in Crater II can be compared to the sizable samples detected in galaxies of similar luminosity, such as And XIX, which hosts 8 AC (Cusano et al. 2013) , possibly indicating a significant intermediate age population, and Leo T (Clementini et al. 2012) , where indeed a strong intermediate-age population is present. This may be considered indirect evidence that Crater II has a negligible, if any, younger population.
Comparison with theoretical isochrones supports this conclusion and suggests that the bulk of star formation in Crater II occurred at an early epoch. The presence of a sequence of objects bluer and brighter than the TO of the old population is compatible with a population of BSS. Nev-ertheless, deeper data is necessary in order to set stronger constraints on the quenching epoch and on the existence of a minority intermediate-age population.
The metallicity derived from a sample of 21 RRL stars reveals a narrow distribution peaked at [Fe/H]=-1.64, with an observed dispersion compatible with a negligible intrinsic dispersion. The chemical properties of RRL stars are in agreement with those of the sample of 62 RGB stars investigated by Caldwell et al. (2017) , both in terms of mean metallicity and dispersion. Since the RGB can be populated by a mix of populations with a significantly broader range of age and metallicity than a purely old sample of RRL stars, this suggests that Crater II does not host any strong population significantly more metal-rich than the RRL stars. Similarly, the narrow metallicity distribution may suggest the absence of a significant tail of very low metallicity stars such as are found in other dwarf galaxies of similar brightness, like Eridanus II (Li et al. 2017) or CVnI (Kirby et al. 2008) .
Finally, a striking feature in the CMD of Crater II is the morphology of the HB. In fact, while the red HB is well populated, only a handful of objects are located in the region of the blue HB, for stars cooler than 0.0 < B − I < 0.5 mag. This is a strong peculiarity compared to bright MW satellites which always present a sizable sample of RRL stars together with a well populated HB for colours bluer than the instability strip. This is true independently of the details of the early SFH. This occurrence is present in the most metalpoor systems such as Ursa Minor (which has the bluest HB), but also in those with strong intermediate-age component such as Carina, Fornax or Leo I. Despite the redder, on average, HB morphology (Da Costa et al. 1996 , 2002 , such an extreme case is not common among the M31 satellites either. The analysis of twenty galaxies by Martin et al. (2007) suggests that only And XXIV may lack blue HB stars. Interestingly, the luminosity of And XXIV and the metallicity ([Fe/H]=-1.8±0.2 Richardson et al. 2011 ) are similar to that of Crater II (M V =-8.5 mag), but the spatial extent of And XXIV is smaller (r h =680 kpc). However, no search for variable stars has been performed in And XXIV, and the data of Martin et al. (2017) cover about 36% of its extent. A deeper analysis of the SFH and the stellar content of this galaxy would be of extreme interest to compare with Crater II.
The HB morphology of Crater II becomes even more peculiar when compared with HB morphologies of Galactic Globular Clusters (GCs). Indeed, GCs with metal abundances in the range -1.9 < [Fe/H] < -1.5 present a predominantly blue HB (e.g. NGC 6535, NGC 6144, NGC 6541), or a redder morphology but still with a well populated blue part (e.g. NGC 7006, NGC 5272). The few clusters with entirely red HBs do not host any RRL (e.g. AM 1, Palomar 14, Pyxis), unlike the case for Crater II. Possibly, the only GC with HB resembling that of Crater II is the peculiar Ruprecht 106 (Dotter et al. 2011; Kaluzny et al. 1995) . This is one of the very few GCs which does not display chemical abundance variations typical of multiple populations (Villanova et al. 2013; Bastian & Lardo 2017) . Moreover and even more importantly, Ruprecht 106 has also the remarkable feature of not presenting enhancement in the α-elements (Villanova et al. 2013) . This means that the empirical scenario becomes even more puzzling, since dwarf galaxies in the metal-poor regime ([Fe/H]≤ -1.5) display a well defined α-enhancement (Cohen & Huang 2009; Hendricks et al. 2014; Fabrizio et al. 2015) .
The current empirical evidence indicates that the HB morphology of Crater II is too red for its metallicity. The paucity of blue HB stars, once confirmed, is a real conundrum, since theory and observations are suggesting that the metal content is the main parameter in driving the HB morphology (Salaris & Cassisi 2005) . The lack of blue HB stars is an additional indication that the very metal-poor (Z < 0.0003) component of Crater II is small, if present. We are therefore presented with a i) peculiarly very extended, relatively faint and low surface brightness galaxy with, however, ii) not extremely low mean metallicity, but low metallicity dispersion and possibly lacking a tail toward extremely metal-poor stars typical of galaxies of similar brightness.
What mechanisms may have originated a dwarf with a peculiar HB morphology, a low metallicity dispersion and possibly lacking of extremely metal-poor stars? Caldwell et al. (2017) found a far too low central velocity dispersion (σ v =2.7 Km s −1 ), difficult to explain within the standard Λ-Cold Dark Matter scenario given the galaxy's observed large size and moderate luminosity. To overcome this, it has been suggested that strong mass loss (∼90%) must have occurred in Crater II (Sanders et al. 2018; Fattahi et al. 2018) . This prediction appears in good agreement with the first orbit determination based on Gaia DR2 (Fritz et al. 2018) , which supports that Crater II is on a relatively eccentric orbit with pericentre close to 20 kpc. As a result, Crater II may have already experienced a few passages through denser MW regions. The earliest pericentric passage(s) may have stripped the oldest, most metal poor component, while the galaxy must have been massive enough to avoid total tidal disruption and keep sufficient mass to undergo further star formation which would have given rise to the moderately metal rich population currently seen in the center of the galaxy where we have sampled (within half its r h ). This scenario is similar to the one that can be inferred for the Sagittarius dwarf spheroidal galaxy based on the stellar composition and SFHs at different positions along its tidal stream (Martínez-Delgado et al. 2004; de Boer et al. 2015) .
However, population gradients are commonly observed in LG dwarf galaxies (Harbeck et al. 2001; Tolstoy et al. 2004; Bernard et al. 2008; Martínez-Vázquez et al. 2015 , 2016a , in the sense that the younger/more metal-rich components are more centrally concentrated (and this is reflected in the HB getting bluer when moving to the external regions). Additionally, deeper data will allow us to put more stringent limits on the possible duration of the star formation epoch. These new data are thus necessary to put stronger constraints on the properties of the old populations of this galaxy and their possible radial gradients. The existence (or not) of a very metal poor population at larger galactocentric radius will help constrain its early evolution, the possible effects of early stripping episodes, and therefore even its history of interactions with the MW, and thus possibly its orbit. The stellar distribution in a large area may also reveal the presence of tidal tails, which however may be challenging to detect due to the extremely low surface brightness. 
